
 

 

 

 

 

 
 

 

 

 

ABSTRACT 

           Background and objectives: Mucormycosis is a 

complication in post-coronavirus disease 2019 (COVID-19) 

patients in India. This study was done to evaluate the prognostic 

value of clinical, histopathologic findings, microbiological 

features, and biochemical parameters such as D-dimer, lactate 

dehydrogenase, and serum ferritin in post- COVID-19-patients 

with rhino-orbital mucormycosis. 

           Methods: This retrospective observational study was 

carried out on biopsies taken from 50 post-COVID-19 patients 

suspected of mucormycosis. The biopsy specimens were 

processed and stained with hematoxylin and eosin, periodic acid–

schiff, and Wright-Giemsa. In addition, 10–20% potassium 

hydroxide wet mount and culture on sabouraud dextrose agar 

were performed to detect Mucor. The biochemical parameters 

were measured using ARCHITECT ci8200 chemistry analyzer.  

           Results: Overall, 30 cases (60%) were positive for fungal 

elements, and growth of Mucor spp. was found in 28 cases 

(56%). In histopathology, 70% of cases (n=35) showed broad, 

aseptate, ribbon-like hyphae with wide-angled branching 

diagnostic of mucormycosis. There seemed to be a site-wise 

overlap between the nasal/maxillary sinus and rhino-

orbital/rhino-cerebral variety. There was no difference between 

the patients in terms of gender. The most common risk factor was 

diabetes mellitus (observed in 80% of cases). In patients with 

invasive mucormycosis, inflammatory biomarkers such as serum 

ferritin, serum lactate dehydrogenase, C-reactive protein, and D-

dimer were greater than the normal range, whereas procalcitonin 

was within the reference range.    

           Conclusion: It can be concluded that raised metabolic 

markers, direct 10% KOH examination and histological features 

including angioinvasion as well as rhino-orbital and cerebral 

extension might assist doctors in diagnosis, progression, and 

survival rate. 

           Keywords: COVID-19, Mucormycosis, Biomarkers. 
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carried out to understand the natural history, 

clinical behavior, and sudden changes in 

incidence of mucromycisis. The correlation of 

laboratory data and histopathology findings 

helps clinicians determine the progression of 

mucormycosis for a better outcome for 

patients and reducing mortality. Several 

similar studies are performed suggesting 

mucormycosis infection in post-COVID-19 

patients (11). This study aimed to investigate 

histopathological findings in clinically 

suspected cases of rhinomaxillary 

mucormycosis and to evaluate the correlation 

of biomarkers and direct 10% KOH and fungal 

culture in clinically suspected cases of 

mucormycosis. 
 

MATERIALS AND METHODS 

This retrospective observational study was 

carried out from January 1st to June 30th, 2021 

on post-COVID-19 clinically suspected cases 

of mucormycosis. All the post-COVID-19 

patients suspected of mucormycosis at the 

L.G. Hospital (in India) during the study 

period were included. The study was approved 

by the AMC MET Institutional Review Board, 

and informed consent was taken from all 

patients. Biopsies were taken from post-

COVID-19 patients who had clinical signs of 

mucormycosis with positive radiological 

findings who required hospitalization or 

surgery. A positive diagnosis of mucormycosis 

was concluded based on the histopathology, 

direct KOH examination, and culture of 

received biopsy specimens.  

Tissue samples were examined grossly and 

processed as per the routine paraffin section 

method. The samples were collected in normal 

saline and 10% formalin and later processed in 

the Department of Microbiology and 

Pathology, respectively. The direct 

demonstration of fungal elements in the 

clinical sample is useful in establishing a 

diagnosis. The microscopic examination of 

specimens in 10–20% KOH wet mount (12) 

was performed to identify characteristic broad, 

aseptate, or sparsely septate, ribbon-like 

hyphae with wide-angle or right-angle 

branching at irregular intervals. Culture was 

done on sabouraud dextrose agar. After colony 

growth, lactophenol  cotton blue examination 

from   culture   showed  broad,   aseptate,   and 

ribbon  like  hyphae,  rhizoids,  and spore-

filled         sporangiophores.      Representative 

INTRODUCTION 

The coronavirus disease 2019 (COVID-19) 

pandemic was caused by the severe acute 

respiratory coronavirus 2 (SARS-CoV-2), 

which has taken a great humanitarian and 

economic toll on the recovery state due to the 

immunocompromised status of patients. All 

COVID-19 infections have a proclivity to 

spread to rhinomaxillary and 

rhinoorbitocerebral extension. Common fungi 

called mucormycetes cause a serious 

angioinvasive infection, which is the third 

most common invasive fungal infection, 

followed by aspergillosis and candidiasis (1). 

Mucormycetes are characterized by the 

presence of broad aseptate hyphae (coenocytic 

mycelia) and the formation of zygospores. The 

order Mucorales includes several species 

involved in rhinocerebral, pulmonary, 

cutaneous, gastrointestinal, and other less 

frequent infections in both immunocompetent 

and immunocompromised individuals and are 

characterized by a tendency to disseminate. 

Mucormycosis, also known as black fungus, is 

a complication (2-4) in post-COVID-19 

patients in India. There are two main types of 

fungal rhinosinusitis with zygomycosis: 

invasive and noninvasive. The invasive form 

may be acute or chronic which may be with 

granulomatous or non-granulomatous 

inflammation (4). In post-COVID-19 

complications, there was a sudden increase in 

the development of dreaded fungal infections 

due to hypoxia, diabetes, new-onset 

hyperglycemia, steroid-induced 

hyperglycemia, diabetic ketoacidosis, high 

iron levels (raised ferritin), and decreased 

phagocytic activity in leucocytes as well as 

other risk factors such as prolonged 

hospitalization with or without mechanical 

ventilation (5). Globally, the prevalence of 

mucormycosis ranges from 0.005 to 1.7 per 

million people. However, its prevalence is 80 

times higher (0.14 per 1000) in India 

compared to developed countries in the 

COVID-19 era (6-8). India has the second 

largest population with diabetes mellitus and 

use of steroids (9). However, there is a need 

for more studies in the context of COVID-19 

complications during the pandemic linked with 

mucormycosis in India, primarily because the 

fatality rate with mucormycosis is very high. 

In particular, the intracranial involvement of 

mucormycosis increases the fatality rate to as 

high  as   90% (10).   The   present   study  was  
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chemiluminescent microparticle immunoassay 

was used to estimate serum ferritin level 

(reference range: 21.81-274.66 ng/mL for 

males and 4.63-204 ng/mL for females).  

Procalcitonin (PCT) estimation was based on 

the principle of chemiluminescent 

microparticle immunoassay (reference range: 

<0.5 ng/mL). However, for D-dimer 

estimation, the samples were collected in 

citrate vacutainers and the turbidometric 

immunoassay was utilized (reference range: 0-

198 ng/mL). Moreover, C-reactive protein 

(CRP) was quantified using a turbidometric 

immunoassay (reference range: <10 mg/L). 

Data were entered into Microsoft Excel and 

analyzed by appropriate qualitative and 

quantitative statistical tests. 
 

RESULTS 

Of 50 biopsies from rhinomaxillary, rhino-

orbital, and cerebral regions of clinically-

suspected mucormycosis patients, 35 cases 

were confirmed for mucormycosis post-

COVID-19 (Table 1).  

A confirmed diagnosis denoted a 

microbiological/histopathological diagnosis 

and/or presence of angioinvasion. Despite the 

aggressive invasion of vessels by the 

Zygomycetes, blood cultures were rarely 

positive. Among these cases, 35 (70%) showed 

invasive fungal elements in histopathology. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Five cases of rhino-orbital-cerebral 

zygomycosis died, and 13 of 14 patients with 

limited sinonasal sickness survived.  

Meanwhile, only 7 of 19 patients with 

intraorbital  or cerebral spread died 

(p=0.0037).  
 

tissue slices were processed and stained for 

histological analysis with hematoxylin and 

eosin after adequate fixing. Wright-Giemsa 

and periodic acid–schiff were also used for 

staining. The presence of certain fungus was 

assessed and interpreted using the methods 

described previously (13-15). Frozen sections 

and histopathology sections with their specific 

stains were performed as necessary, and each 

section was associated with and graded as per 

fungal elements, neutrophilic infiltrate, 

granulomatous response, tissue necrosis, and 

angioinvasion. These sections exhibit 

characteristic broad, pauci-septate or aseptate, 

ribbon-like hyphae with wide-angled 

branching, diagnostic of mucormycosis at 

histopathology. The aforementioned 

observations led to the diagnosis of fungal 

sinusitis (16,17), in which hyphal forms of the 

fungus were found in the sinusoidal mucosa or 

submucosa, blood vessels, or bone. 

The biochemical parameters in serum were 

assessed by collecting samples in plain 

vacutainers and processing them in an 

ARCHITECT ci8200 after proper calibration 

and controls. Lactate dehydrogenase (LDH) 

estimation was based on the principle of 

oxidation of L-lactate to pyruvate and 

hydrogen, and NAD+ acts as a hydrogen 

acceptor converted into NADH2+ (the 

reference   range   is   125   to   220  U/L).  The  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 shows the site- and gender-wise 

incidence of mucormycosis. The patient's age 

ranged from 24 to 75 years. The disease was 

more common in diabetic patients (80%). 

Necrosis (100%) was most frequently linked 

with angioinvasion (37.1%).  

Table 1- Confirmation of mucormycosis by various methods 

 

Table 2- Site- and gender-wise incidence of mucormycosis 

 

Cases Mucormycosis  in 

histopathology 

Direct 10% 

KOH 

Fungal culture 

Positive (confirmed) 35 (70%) 30 (60%) 28 (56%) 

Negative (suspected) 15 (30%) 20 (40%) 22 (44%) 

 

Biopsies received for 

histopathological examination 

(n=35) 

Sex Total % 

Biopsy site Males 

(n=16) 

Females 

(n=19) 

35 100 

Nasal cavity 10 13 23 65.71 

Maxilla and nasal cavity 02 05 07 20 

Eye ball, maxilla,  and nasal cavity 01 01 02 5.72  

Maxilla, nasal cavity, and cerebral 

discrete  

01 00 01 2.85 

Others including the right upper 

lobe bronchus, anterior hard 

palate, etc. 

02 00 02 5.72 
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uncontrolled blood sugar, HbA1C level of 

more than 9±3.1%, and random blood sugar of 

>140 mg/dL. The outcomes and follow-up of 

mucormycosis patients were difficult to assess 

considering the acute outbreak in the COVID 

era. During the study period, 30 of 35 cases 

(85.71%) improved/unknown follow-up, and 

the remaining 5 cases (14.29%) deceased. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

characteristics of the site(s) involved, 

laboratory data, and histopathological findings 

to help clinicians understand the disease 

progression in mucormycosis patients. When 

the duration of signs and symptoms is equal to 

or  less  than  4  weeks  and   vascular invasion 

is prominent, mucormycosis is classified as 

acute;   when    the    duration    of   signs   and 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results are presented as mean level ± standard 

deviation. According to the findings, 

inflammatory biomarkers (serum ferritin, 

serum LDH, CRP, and D-dimer) were higher 

in confirmed cases of mucormycosis than in 

other cases, while PCT levels were normal in 

all cases but slightly lower in confirmed cases. 

Out of 35 patients with diabetes, 28 (80%) had 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

Rhino-orbito-cerebral zygomycosis refers to 

the spectrum of the disease, which usually 

starts in the sinonasal tissue, progresses to the 

orbits, and finally affects the central nervous 

system (rhino-cerebral disease) (1, 8, 15). 

Most studies on this emerging disease in India 

and other parts of the world are retrospective. 

The    present   study    described   the   clinical  

Significant variables Non-significant variables 

Variable Number (%) Variable Number (%) 

Intraorbital  or intracranial 

spread 

4 (11.4%) Degree of granulomatous 

inflammation 

5 (14.25%) 

Degree of angioinvasion 13 (37.1%) Degree of bone invasion 13 (13%) 

Necrosis 35 (100%) 

 

 

 
B 
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Table 3- Significance of histopathological variables as prognostic indicators in cases of rhino-orbital-cerebral 

zygomycosis 
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Table 4- Laboratory inflammatory biomarkers and parameters 

 

Figure 1- Histological images of tissue samples. A) Angioinvasion by fungal hyphae; B) wide-angled, aseptate, 

irregular fungal hyphae invading soft tissue; C) necrotic tissue with broad irregular aseptate fungal hyphae. 

 

Mucormycosis 

status 

Serum 

ferritin 

(ng/mL) 

 LDH 

(IU/mL) 

D-dimer 

(ng/mL) 

PCT 

(ng/mL) 

CRP 

(mg/L) 

Confirmed cases 

(n=35) 

 

1128 ±505 

 

 624 ±194 774 ±346  0.13 ±0.08  

46.75 

±41.8 

 

Others suspected 

cases (n=15) 

 

282 ±93 

 

  

201 ±47 

 

396.5 ±305 0.30 ±0.25 13.54 ± 8.7 
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fungal load and angioinvasion in the tissue and 

their extension up to orbito-cerebral tissue rise. 

On a microscopic level, all zygomycosis 

patients displayed variable degrees of necrosis, 

and the density of fungal organisms was 

greater in necrotic tissues. Therefore, it may be 

inferred that a thorough sample of necrotic 

tissue is required to detect fungal components. 

The survival rate of patients, however, 

dropped as the level of bone marrow invasion 

rose. 

In patients with post-COVID-19 invasive 

mucormycosis, inflammatory biomarkers such 

as serum ferritin, serum LDH, CRP, and D-

dimer were greater than the normal range, 

whereas PCT was within the reference range. 

Diabetes mellitus is still the primary risk factor 

for mucormycosis worldwide, with a death 

rate of 46% overall (24-26), which is close to 

the results of the present study. 

Radiology examination indicates mucosal 

thickening, multiple sinus involvement, 

absence of air-fluid levels, and patchy bony 

wall destruction in cases of rhino-orbito-

cerebral zygomycosis. Greater severity of 

COVID-19 is frequently linked to an increased 

risk of developing mucormycosis and diabetes 

mellitus. It is common to encounter 

uncontrolled hyperglycemia and the onset of 

diabetic ketoacidosis as a result of 

corticosteroid use. Acidosis's low pH creates a 

favorable environment for the growth of 

mucor spores. A diabetic patient is particularly 

more susceptible to mucormycosis when using 

steroids. 

 

CONCLUSION 

The study underlines the relevance of 

increased awareness for early detection of 

rhinocerebral zygomycosis by histological 

features paired with microbiological evidence 

and raised inflammatory biomarkers in order 

to prevent adverse outcomes for patients. 

Conditions such as diabetes and unmonitored 

corticosteroid use may cause opportunistic 

fungal infections and an outbreak of 

mucormycosis in post-COVID-19 patients. It 

can be conclude that raised metabolic markers, 

direct 10% KOH examination, and histological 

features including angioinvasion as well as 

rhino-orbital and cerebral extension might 

assist doctors in diagnosis, progression, and 

survival rate. For improved results and patient 

survival, repeated debridement and surgical 

intervention may be required. 

symptoms is greater than 4 weeks and vascular 

invasion is absent or minimal, mucormycosis 

is classified as chronic (17). Due to the sudden 

increase in the incidence of acute exacerbation 

of post-COVID-19 mucormycosis, only acute 

cases were enrolled in the present study. There 

was no difference between the patients in 

terms of gender. The patients' age ranged from 

24 to 75 years. Fungal elements were seen in 

direct 10% KOH examination in 60% of the 

cases and fungal growth on culture was 

observed in 70% of confirmed cases, which is 

similar to the findings of a similar study (11). 

The disease's involvement of the brain was 

noted in 18% of the cases and was 

characterized by hemiplegia, altered mental 

state, stupor, and coma. The most common 

risk factor was diabetes mellitus, which is in 

line with the results of previous studies (9).  

All cases in the present study were of the 

invasive type as shown in figure 1. There 

seemed to be a site-wise overlap between the 

nasal/maxillary sinus and rhino-orbital/rhino-

cerebral variety. In our study, the survival rate 

was 93% for the sinonasal form, while earlier 

studies reported survival rates of 66.5% (18), 

60% (19), and 5.71% (20). It can be concluded 

that the severity of the zygomycosis 

involvement greatly influences the disease's 

prognosis.  

In our study, necrosis was linked to 

angioinvasion in 37.1% of the cases. Necrotic 

tissues had the highest fungal organism 

density. In a study by Ashina et al., only 48% 

cases survived and angioinvasion was 

observed in 51% of the patients (21). Mucosal 

necrosis and external ophthalmoplegia were 

seen in 48% and 59% of the cases, 

respectively. The outcome of patients had no 

association with perineural or neural invasion, 

and its importance in the spread of disease is 

still unknown (22). In these cases of rhino-

orbito-cerebral zygomycosis, histopathologic 

factors were considered prognostic markers 

because 5 of 35 patients died, which indicates 

a poor prognosis. All patients with mild to 

significant granulomatous inflammation 

survived. Therefore, even if the results have 

not reached statistically significant levels, the 

prognosis of the patients who had florid 

granulomatous inflammation was better. 

Multinucleate giant cell granulomas could be 

associated with giant cell arteritis and foreign 

body granulomas, with a better prognosis (23). 

Therefore,   the   survival  rate  reduces  as  the  
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